G astric cancer (GC) is a common malignancy of the human digestive system worldwide. (1) It is characterized by a high incidence and mortality rate (2) making it the fifth most common malignancy in the world after cancers of the lung, breast, colorectum and prostate. (3) Surgical resection, chemotherapy and radical therapy, show significant improvement over surgery alone in early-stage GC patients. (4, 5) However, approximately 60% of patients with gastric cancer have locally advanced and metastatic disease at the time of surgery resulting in a relatively low therapeutic efficacy with surgical resection.
(1) The valid therapeutic methods for advanced gastric cancer with invasion and metastasis remain poor and limited. (6) Therefore, the molecular mechanisms of gastric cancer progression and metastasis should be understood.
Keratins polymerize to form an intermediate filament (IF) . This is observed mainly in epithelial cells as an essential cytoskeletal component involved in the maintenance of cell morphology. (7) Usually, keratins are subdivided into Type I (K9-22) and Type II (KRT1-KRT8). (8, 9) The expression levels of some Keratins, such as KRT1, 5, 6, 7, 19, 20 , were reported to have changed in some tumors including gastric cancer. (10) (11) (12) (13) Therefore, the expression of Keratin may alter tumor progression. KRT8, an important Keratin, is expressed in various tumors abnormally. (14) However, the expression level of KRT8 is different in various tumors, for instance, KRT8 expression is reduced in the human breast and colorectal carcinomas. (15, 16) It is upregulated in the head and neck, (17) oral cavity carcinoma, (18) and transitional cell carcinoma of the urinary tract; (19) and is associated with unfavorable prognosis. (18) In recent years, aberrant expression of KRT8 has been found to be associated with multiple tumor progressions such as cell migration, (7, 20) cell adhesion (21) and drug resistance. (20, 22) However, the mechanisms of these processes caused by KRT8 have not been very clear yet. Earlier reports confirmed the acquisition of KRT7 and loss of KRT20 in gastric carcinoma. (10, 11) However, little is known about the expression and functions of KRT8 in GC.
In the present study, it was shown that the expression level of KRT8 mRNA and protein was higher in GC tissues than in normal tissues. A high expression of KRT8 was closely related with poor overall survival of GC patients and promoted proliferation, EMT and migration of GC cells. Additionally, the knockdown of KRT8 inhibited migration and EMT, but had no effects on the proliferation of GC cells. We also showed that the high expression of KRT8 regulated the cell-matrix adhesion by integrinb1-FAK signaling. Moreover, the results implicated that KRT8 may exert its biological functions through TGF-b/Smad2/3 pathway. Overall, our results showed that KRT8 could regulate gastric carcinogenesis and may serve as a potential target for antineoplastic therapies.
tumor tissues and adjacent normal tissues, from 50 patients who underwent surgical treatment for GC from October 2012 to January 2015, were also obtained for RNA and protein extraction. All gastric cancer samples were collected from the Second People's Hospital of Wuxi, Jiangsu, China. All participants were randomly selected from the patients diagnosed with GC, at Second People's Hospital of Wuxi, who had not received chemotherapy or radiation therapy prior to surgery. Tumor stages of participants were determined according to the Cancer Staging Manual (Seventh Edition) of the American Joint Committee on Cancer (AJCC).
Cell culture. The five human gastric cancer cell lines (BGC-823, AGS, HGC-27, MKN-28, SGC-7901) were cultured and maintained in our laboratory. The cancer cell line AGS was cultured in F12 (Gibco, Grand Island, NY, USA) medium supplemented with 10% fetal bovine serum (FBS). All other cancer cell lines were cultured in RPMI-1640 medium (Gibco), supplemented with 10% FBS. All cells were cultured at 37°C in a humidified incubator with 5% CO 2 .
Plasmid construction, small interference RNA and cells transfection. A full-length human cDNA of KRT8 was synthesized and integrated by Bioworld (Nanjing, China). The product was then sub-cloned into the HindIII and EcoRI sites of the pcDNA3.0(+) vector (Invitrogen, Life Technologies Corporation, Carlsbad, CA, USA) to construct the plasmid pcDNA-KRT8. Later, 2ug pcDNA-KRT8 plasmid was transfected into HGC-27 cells cultured in 6-well plates at 2 9 10 5 cells/ml using Lipofectamine 2000 (Invitrogen, Shanghai, China Western blotting. Cell proteins were lysed in radioimmunoprecipitation assay (RIPA) lysis buffer (Beyotime Biotechnology, Shanghai, China) containing phenylmethanesulfonyl fluoride (PMSF) and phosphatase inhibitors. Then the equal amounts of protein (100 lg) were resolved by 10% SDS-PAGE gels and subsequently electrophoretically transferred to PVDF membranes. Membranes were blocked with 5% non-fat dry milk powder for 2 h at room temperature and then incubated with primary antibodies at 4°C overnight. The membranes were visualized using the appropriate secondary antibody at room temperature for 1 h followed by the enhanced chemiluminescence (ECL) system (Image Quant LAS 4000 mini, Pittsburgh, PA, USA) according to the instructions of the manufacturer. The relative densities of bands were quantified using ImageJ (https://imagej.nih.gov/ij/) software. All experiments were repeated at least three times. Sources of primary antibodies were as follows: anti-KRT8 (Ruiying, Ruiyingbio, SuZhou, China); GAPDH (Santa Cruz Biotechnology, Santa Cruz, CA, USA); His-Tag (Santa Cruz Biotechnology); anti-E-cadherin, anti-N-cadherin, anti-Vimentin, anti-Snail, anti-MMP2, anti-MMP9, anti-TIMP-1, anti-PCNA, anti-Fibronectin, anti-Integrinb1, anti-FAK, anti-phosphorylated-FAK, anti-Smad2/3, antiphosphorylated Smad2/3, anti-TGF-b1 (all from Cell Signaling, Danvers, MA, USA). The relative density of bands was quantified using ImageJ (http://rsb.info.nih.gov/ij/) software.
Immunohistochemistry. The gastric tumor tissue was fixed in 10% buffered formalin, embedded in paraffin, and serially sectioned at 4 lm thickness. Endogenous peroxidase activity was suppressed by exposure to 3% hydrogen peroxide for 10 min. Slides were then blocked with 5% BSA (bovine serum albumin; Boster Bioengineering, Wuhan, China). The tissue section was treated with primary antibodies against KRT8 (1:300 dilution). The sections were then incubated overnight in a humidified chamber at 4°C. Sections were visualized with DAB (3,3di-aminobenzidine) and counterstained with hematoxylin for microscopic examination.
The expression levels of KRT8 protein in the cytoplasm of tumor cells were scored as the intensity of staining and the percentage of positive-stained cells. The scoring system was as follows: score 0 for no positive cells; and score 1-3 for positive cells presented yellowish, light-brown and dark-brown staining.
Transwell migration assay. Transwell migration assay was performed using CoStar Transwell chambers (8 lm pore size; Corning, Costar, NY, USA). Cells (1 9 10 5 /well) were seeded in the upper chambers of the wells in 300 ll serum-free medium, while the lower chambers were filled with 700 ll medium containing 10% fetal bovine serum to induced cell migration. After incubation at 37°C in 5% CO 2 for 24 h, the cells in the upper surface of the membrane were removed with a cotton swab. Cells migrated to the lower surface of the membrane were fixed with 4% paraformaldehyde and stained with crystal violet. The images were obtained and the cells were counted under a microscope.
The cell proliferation assay. The proliferation of HGC-27 and AGS cells were examined using CCK-8 kit (Tongren, Shanghai, China) according to the manufacturer's instructions. Approximately 3 9 10 3 transfected cells were seeded in 96-well plates and cultured for 24, 48 and 72 h, respectively. 10 lL CCK-8 solution was then added to each well and incubated for 1 h. The absorbance at 450 nm was measured using a microplate reader at different time intervals (24, 48 and 72 h).
The colony-formation assay. Cells were harvested and seeded into six-well plates (1000 cells/well) and incubated at 37°C in a 5% CO 2 humidified incubator for 14 days. The medium was changed at 3-day intervals. At the end of the incubation period, the cultures were fixed with 4% paraformaldehyde and stained with crystal violet.
Survival analysis. The 70 patients were enrolled in the survival analysis. Follow-up surveys were made by telephone, visits, or letters to update the information and survival data of the patients. The survey period was completed by April 2015, with 5 years of follow-up records obtained for each patient. Overall survival time was defined as the time from the date of surgery to death (for non-censored events) or to the end of the survey period (for censored events).
Statistical analysis. All statistical analyses were performed using SPSS 19 .0 (SPSS, Chicago, IL, USA). Significant differences among groups were measured by Student's t-test or one-way ANOVA. Correlation between KRT8 expression and clinicopathological factors was estimated by the Fisher's exact test. Overall survival curves were plotted according to the Kaplan-Meier method, with the log-rank test applied for comparison estimated by the Fisher's exact test. A Cox proportional hazards regression analysis was used for univariate and multivariate analyses of prognostic values. P < 0.05 was defined as statistically significant.
Results
KRT8 expression is increased in gastric cancer tissues. To determine the expression of KRT8 in gastric cancer, the mRNA levels of KRT8 were first examined in 50 paired GC tissues and the adjacent normal tissues by quantitative realtime PCR (qRT-PCR). The results showed that KRT8 mRNA level increased in 68% (34/50) of gastric cancer tissues (Fig. 1b) , which is consistent with the analysis of ONCOMINE dataset (https://www.oncomine.org) (Fig. 1a) . The expression of KRT8 protein was next analyzed by immunohistochemical staining in 70 paired tumor tissues and corresponding normal (non-tumorous) tissues. Similar results were obtained from the assessment of KRT8 protein expression (Fig. 1c) . As shown in Table 1 , 62.8% (44/70) of patients KRT8 staining was dramatically increased in cancerous tissues compared to adjacent normal tissues. Collectively, these data suggested that the expression of KRT8 was aberrantly increased in GC at both the RNA and protein levels.
The expression of KRT8 in human gastric cancer cell lines. To examine the expression of KRT8 in human gastric cancer cell lines, five cell lines (BGC-823, AGS, HGC-27, MKN-28, SGC-7901) were examined by western blotting. KRT8 protein was expressed in all these five types of the human gastric-cancer cell lines. The expression of KRT8 protein was highest in the HGC-27 cell line and lowest in the AGS cell line (Fig. 1d) .
KRT8 overexpression influences proliferation of gastric cancer cells. To explore whether KRT8 could influence cell proliferation in gastric cancer cells, the expression of KRT8 was enhanced in gastric cancer cell lines: HGC-27 cells by transfection with pcDNA3.0-KRT8, HGC-27 cells transfected with pcDNA3.0 (blank vector) were used as controls. The expression of KRT8 in HGC-27 cells was confirmed by western blotting (Fig. 2a,b) . Thereafter, the Cell Counting Kit-8 (CCK-8) assay was used in the transfection with pcDNA3.0-KRT8 and pcDNA3.0 (blank vector) HGC-27 cells. It was found that the overexpression of KRT8 significantly increased the proliferation of HGC-27 cells (Fig. 3d) and formed larger clones than the control cells (Fig. 3c) .
KRT8 expression in AGS cells was then knocked down by using siRNA (Fig. 2c,d) . However, in comparison, the control cells had no difference in the proliferation rate of AGS cells transfected with si-KRT8 in AGS cells (Fig. 3e) , as in AGS cells transfected with control siRNA.
KRT8 overexpression induces EMT in HGC-27 cell line. Prior to the migration and invasion of epithelial cells is often a developmental and morphological alternation called epithelialmesenchymal-transition (EMT). (23, 24) The expression of several indicators of EMT was next examined. It was found that the mesenchymal markers N-cadherin Snail and Vimentin were upregulated in KRT8-overexpressed cells, while the epithelial marker E-cadherin was significantly downregulated (Fig. 4a,b) . In contrast, the knockdown of KRT8 appeared to cause a modest increase of E-cadherin in AGS cells, while the Snail and Vimentin were reduced significantly as expected (Fig. 4c,d ). In summary, these data suggest that KRT8 regulates the process of EMT resulting in the enhanced migratory ability of gastric cancer cells in vitro.
Aberrant KRT8 expression influence cell migration in vitro. As shown in previous studies KRT8 could alter the ability of migration in various cancers. (7, 20, 25, 26) To better understand the effects of KRT8 on gastric cancer cell motility, the transwell migration assay was used in HGC-27 and AGS cells. Compared with the control cells, KRT8 overexpression markedly increased the number of migrated HGC-27 cells (Fig. 3a) . Meanwhile, KRT8 knockdown significantly reduced the number of migrated AGS cells (Fig. 3b) .
The expression of a series of molecular markers was then detected by Western blotting in HGC-27 and AGS cells. Just as in Figure 5 (a), the expression of MMP-9 was distinctly increased in the HGC-27 overexpression group, while the TIMP-1 was dramatically decreased, when compared to vector groups. However, there were no significant expression discrepancies in MMP-2 (data not shown). In contrast, the knockdown of KRT8 appeared to cause a modest reduction of MMP-2 and MMP-9 levels in the AGS cells (Fig. 5c) . Overall, these data demonstrated that KRT8 expression could influence gastric cancer cell migration in vitro.
Overexpression of KRT8 enhances cell-matrix adhesion by integrinb1-FAK signaling. Increased cell-matrix adhesion is an important step during tumor cell metastasis. (27, 28) To investigate the role of KRT8 in the regulation of cell-matrix adhesion in gastric cancer cells, the expression of fibronectin (FN), Integrinb1 and FAK within over expressed KRT8 in HGC-27 cell was examined by western blotting. The results showed that the overexpression of KRT8 dramatically promoted the expression of FN, Integrinb1, as well as the p-FAK (Tyr397) (Fig. 5b) . In brief, the adhesion-promoting effects of KRT8 overexpression were most likely mediated by the integrinb1-FAK signaling.
KRT8-induced EMT and cell migration are mediated by TGF-b signaling. Loss of pathway regulates cancer cell EMT and migration. One of the key mechanisms by which TGF-b promotes cell migration, invasion, and metastasis is through the induction of EMT. (29) (30) (31) To investigate the possible potential involvement of TGF-b signaling pathway in KRT8-mediated EMT, cell migration and invasion, the expression of TGF-b1, Smad2/3 and the phosphorylated Smad2/3 (p-Smad2/3) was detected. They are critical downstream regulators of TGF-b signaling pathway. The results showed that the levels of pSmad2/3 were remarkably increased in KRT8-over expressed HGC-27 cells (Fig. 5e) . Consequently, a decreased in KRT8-knockdown AGS cells (Fig. 5d) . These data indicated that KRT8 may promote cell EMT and migration partially by activating TGF-b/Smad2/3 pathway.
Clinicopathological features of GC patients with KRT8 expression. In order to investigate the clinical role of KRT8 in GC, we analyzed the relationship between KRT8 expression and clinicopathological factors of the 70 patients. Forty-four of 70 patients with GC defined to high-KRT8 expression carcinomas (Fig. 1c) . In Table 1 , as compared to the GC with low-KRT8 expression, the GC with high-KRT8 expression can be a more tumor invasion depth (P = 0.002) and more advanced clinical stage (P = 0.025).
Expression level of KRT8 and the overall survival of patients with GC. To further elucidate the important role of KRT8 in the survival of GC patients, we analyzed the relationship between the KRT8 mRNA expression level and the survival of GC patients from 1928 gastric tumor samples using publicly available datasets. (32) The Kaplan-Meier analyses result demonstrated that higher KRT8 mRNA expression is correlated with the poor overall survival (OS), as well as progression-free (FP) survival of GC patients (Fig. 6a,b) . Finally, we used Kaplan-Meier analysis evaluated the correlation of 5-year survival of GC patients with KRT8 expression (P = 0.0412) (Fig. 6c) . The result indicated that high expression of KRT8 reduced survival rate of GC patients and in accordance with the results of abovementioned dataset. Furthermore, we carried out Kaplan-Meier survival analysis to investigate the clinical outcome of stage II and stage III based on the expression level of KRT8. The data showed the group of stage III and high KRT8 was associated with poor overall survival (P = 0.0436), but there was no association between group of stage II and high KRT8 and overall survival (P = 0.312) (Fig. 6d,e) .
Univariate analysis showed that the relative level of KRT8 expression level, clinical stage and invasion depth were correlated with overall survival rate of patients with GC patients (P < 0.05, Table 2 ). Multivariate Cox regression analysis demonstrated that KRT8 expression level and clinical stage were independent prognostic indicators for the overall survival of patients with GC (P < 0.05, Table 2 ).
Discussion
Although KRT8 proteins have been studied in different types of malignancies, (7, 20) the knowledge of the aberrant expression and possible role of KRT8 in GC is still unknown. In this study, we confirmed that the expression of KRT8 was astonishingly increased in GC tissues compared to normal controls. We also demonstrated that aberrant KRT8 expression could regulate the production of MMP2, MMP9, TIMP1 and PCNA, resulting in cancer cells migration and proliferation.
Increasing amounts of evidence suggest that the extracellular matrix (ECM) is a key factor for determining whether metastatic tumors spurt or not. (33) The importance of the ECM in primary tumor progression has been reviewed extensively, and it is now widely accepted that the ECM can affect many of the hallmarks of cancer. (34, 35) Increased cell adhesion to the ECM is an early step of cell migration. (36) Fibronectin is an important component of the ECM, the changes of fibronectin expression play an important role on cell adhesion. (37) Integrinb1 is a major adhesion molecule to interact with ECM and regulates the signal transduction between cells. (38) Focal adhesion kinase (FAK) is the downstream target of integrin and is a crucial signaling molecule to modulate cellular responses to integrin-mediated adhesion. (39) Upregulation of integrin and FAK is often observed to correlate with the progression of tumor development implying that the integrin/FAK signaling involves in the regulation of tumor development. (40, 41) Given this, the levels of FAK, p-FAK and Integrinb1 (Fig. 5b) were examined, and all of these were upregulated. The TGF-b signaling pathway is instrumental in regulating crucial cellular activities such as cell growth, differentiation, motility and invasion. In the occurrence and development of tumors, TGF-b has a dual role. In the early stages of tumor development, TGF-b operates as a tumor suppressor, whereas the opposite is true in late stages, supporting invasion and metastasis. (42) Previous studies in various developmental EMT systems extensively provide convincing evidence that TGF-b signaling is a primary inducer of EMT. (31) These findings present data indicating that the association of KRT8 with EMT and metastasis can be a consequence of KRT8 being involved in the regulation of TGF-b signaling. The expression of the E-cadherin was reduced while MMP9, FN, TGF-b signaling (TGF-b1, pSmad2/3) pathways-related protein were enhanced in KRT8 overexpressed HGC-27 cells (Fig. 5b) . In contrast, E-cadherin was increased while MMP2, MMP9, p-Smad2/3 were decreased in siRNA treated AGS cells (Fig. 5c,d ). The data that was generated therefore suggested that the up-regulated expression of KRT8 may enhance EMT to facilitate the development of GC and metastasis by activating TGF-b/Smad2/3 pathway. Thomas et al. (43) reported that vimentin expression was inversely associated with keratin expression alone and directly related to worse clinical outcome in breast cancer. We then analyzed the association between KRT8 and vimentin expression, however, we found that vimentin expression was not associated with keratin expression and not related to clinical prognosis (data not show).
Although the current results elucidated an important role of KRT8 in GC progression and is closely correlated with the depth of invasion, lymph node metastasis, and TNM stage, Kaplan-Meier analysis revealed a negative relationship between KRT8 expression and overall survival of GC patients, but the underlying molecular mechanisms remain unclear. The next question that could be addressed is the precise mechanism by which KRT8 regulates GC cell migration and invasion during tumor progression, especially in vivo.
In summary, this study reveals that the high expression of KRT8 regulates gastric cancer cells migration, proliferation and EMT and contributes to GC progression such as tumor invasion depth, clinical stage and poor survival. The findings also demonstrate the potential role of KRT8 as a diagnostic and prognostic indicator for GC patients.
